University for Business and Technology in Kosovo

UBT Knowledge Center
Theses and Dissertations

Student Work

Winter 11-2015

Building Management System - Energy Efficiency Management
Kreshnik Ismaili
University for Business and Technology - UBT

Follow this and additional works at: https://knowledgecenter.ubt-uni.net/etd

Recommended Citation
Ismaili, Kreshnik, "Building Management System - Energy Efficiency Management" (2015). Theses and
Dissertations. 242.
https://knowledgecenter.ubt-uni.net/etd/242

This Thesis is brought to you for free and open access by the Student Work at UBT Knowledge Center. It has been
accepted for inclusion in Theses and Dissertations by an authorized administrator of UBT Knowledge Center. For
more information, please contact knowledge.center@ubt-uni.net.

Management of Mechatronics

Thesis: Building Management System - Energy Efficiency Management
Master of Sciences

Kreshnik Ismaili

November/ 2015
Prishtinë

Management of Mechatronics

Graduate Work
Academic Year 2012 / 2013

Kreshnik Ismaili
Building Management System
Supervisor: Dr. Bertan Karahoda

November / 2015

This thesis has been prepared and submitted in partial fulfillment of the
requirements for the degree of Master

Abstract
Building Management System should be a hot topic during this century. The potential for
energy saving that BMS gives to a building is very high. BMS has started to
implementation in commercial buildings to enable monitoring and control of the various
intelligent systems like Heating Ventilation and Air - Conditioning (HVAC), safety, access
and lighting systems.
Heating Ventilation and Air - Conditioning (HVAC) systems in buildings must be
complemented with a good control scheme to maintain comfort under any load situations.
Efficient HVAC control usually is the most cost-effective option to improve the energy
efficiency of a building. However, HVAC procedures are nonlinear, and features change on
a seasonal basis so the effect of changing the control strategy is usually difficult to predict.
Intention of this thesis is to reduce energy consumptions by defining new HVAC control
strategies and design a technical solution for a new commercial building. To study the
potential for energy savings and to redefine control situations, we have figure out - concept
a new commercial building.
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Chapter 1
1.0 INTRODUCTION
Building management system (BMS) is a computer-based system that help in handling,
managing and monitor building, technical services like heating ventilation and air conditioning System (HVAC), lighting, and the energy consumption of devices used by the
building. Originally, BMS mostly composed of heating, ventilation and air-conditioning
(HVAC) systems. For large buildings such as schools, hospitals, and offices the
construction costs constitute only one seventh of the overall operational costs [1].
Therefore, BMS ensures a great savings potential by decreasing the operational costs. BMS
provide the information and the tools that building administrator need both to understand
the energy usage in building and to control and improve their buildings. The role of
building automation and control system has been broadening beyond reducing building
energy and maintenance costs.
New buildings and their HVAC systems are necessary to be more energy efficient although
adhering to an ever-increasing need for better indoor air quality and performance.
Economic considerations and environmental issues also need to be taken into account.
The aim of BMS and HVAC design is to provide comfort to the occupants. Because
heating and cooling loads vary with the time of the day and of the year. HVAC system
should completed with a good control scheme to maintain comfort under any load
conditions.
Control is important element of almost every engineering system and process. For many
earlier years, control was affected by analog means only. BMS is on its way to become a
prime example of a distributed control system providing with sensors and monitoring
devices along with the actuators to use them for data acquisition, service automation and
management purposes.
In future, Building Management System (BMS) would be the major part of building
information systems backbone.
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1.1 Present Study
The purpose behind the present study is to figure out Heating Ventilation and Air Conditioning (HVAC) control principles and their applications, energy savings and then
shrinking the energy consumptions by the benefit of BMS within a design of a new
building and implementation as case of study.
The structure of this thesis is written in a way like show below.
In Chapter 1 the importance of efficient Heating Ventilation and Air - Conditioning
(HVAC) control and comfort in buildings are focused, then brief information is given about
present study
Chapter 2 gives general idea on Building Management System and its applications.
Chapter 3 is theoretical study which aims to recognize the automatic control principles in
HVAC systems.
Chapter 4 focuses the main idea of this thesis. This part explains the HVAC control
principles and their applications.
In Chapter 5 Problem Statements
In Chapter 6 methodology developed for the case study
In Chapter 7 a case study.
In Chapter 8 COMPARISON & Results
In Chapter 9 conclusion is made with the overview of the entire study.
In Chapter 10 references
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Chapter 2
2.0 BUILDING MANAGEMENT SYSTEMS (BMSs)
2.1 Literature Survey
Buildings form a vital part of the modern lifestyle. As anyone might expect, it is also one of
the largest industry sectors worldwide. Buildings, mainly commercial buildings, are further
one of the biggest consumers of energy. In developed countries, buildings account is in the
middle of 30% and 40% of the energy consumed. Another alarming fact is that their
energy consumption seems to be on the rise [2]. A report of the American Council for an
Energy Efficient Economy showed that commercial buildings had the highest increase in
energy consumption during the mid-1980s [3].
In general, most of the energy is used to maintain suitable comfort levels within buildings.
Of this, lighting and HVAC systems form the largest consumption items. Studies specify
that air-conditioning is responsible for between 10% and 60% of the total building energy
use, depending on the building type [4, 5].
Mathews et al. (2002) [6] conducted a case study on a Conference Center to growth its
energy efficiency, by optimizing the HVAC system control, and in extra, the control of the
heating plant. They emphasized that approximately 50% of the energy used by the
commercial segment in South Africa is utilized for air-conditioning. This clearly shows that
the HVAC system of a building has a large potential for energy saving. A cost-effective
way to get better the energy efficiency of fan HVAC system, without compromising indoor
comfort, is through implementing better control.
Zaheer-uddin et al. [7] explored the problem of computing most favorable control strategies
for time-scheduled function of HVAC systems. The optimization problem that takes into
consideration the building function schedules consisting of night-setback, start-up,
occupied modes and energy price discounts is formulated and solved for a set predicted
weather profile. Results showing the optimal mass flow rates to the areas, air and water
supply temperatures, energy input to the heat pump and the resulting zone temperatures are
given.
As well some studies have been done on the optimization of administrative control [8, 9].
House et al. [8] investigated the difficulty of most favorable control of the HVAC and
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building by using a systems approach.
Shengwei Wang et al. [10] developed dynamic and real-time simulation models to simulate
the thermal, hydraulic, mechanical, and environmental and energy interpretation of building
a variable air volume VAV air-conditioning system and its BMS. A window-based user’s
interface is developed to simulate the human machine interface of a BMS, through which
users can monitor the on-line function, tune the local control loops, and reset the
supervisory control strategies.
Mathews et al. (2002) [11] developed a simulation tool, QUICK control to predict effect of
changing control strategies (i.e. on indoor comfort and energy consumption) more easily.
This tool was then used to investigate the energy savings potential in a Conference Center.
The influences of fan scheduling, setpoint setback, economizer cycle, new setpoints, fan
control, heating plant control, lighting control and different combinations thereof was
investigated. The simulation models were firstly verified with measurements get from the
existing system to confirm their accuracy for realistic control retrofit simulations. With the
help of the integrated simulation tool it was possible to predict savings of 744 MWh per
year (32% building energy saving and 58% HVAC system energy saving) through
implementing these control strategies. These control strategies can be implemented in the
building with a direct reimbursement period of less than 6 months.
2.2 Introduction
The BMS aim is to simplify the monitoring, operation, and supervision of a building or
buildings. It is designed to reach more efficient building operation at minimized worker and
energy costs and offer a safe and more comfortable working environment for building
residents. By gathering these objectives, the BMS has highly developed from simple
supervisory control to totally incorporated computerized control.
Some of the benefits of BMSs are as follows:
1. Repetitive functions programmed for automatic operation and simple procedure
2. Reduced specialist preparing time through on-screen guidelines and supporting
realistic presentations.
3. Quicker and better responsiveness to inhabitant needs and inconvenience.
4. Reduced energy cost over centralized management of control and energy
management programs.
5. Better management of the facility through historical registers, maintenance

11

management plans, and automatic alarm reporting.
6. Adaptability of program design for facility requirements, size, organization, and
extension requirements.
7. Improved operating-cost record keeping for distributing to cost centers and/or
charging individual occupants.
8. Redesigned operation through software and hardware integration of numerous
subsystems such as direct digital control, fire alarm, security, access control and
lighting control.
Whenever minicomputers and centralized servers were the main PCs accessible, the BMS
was only used on bigger working environment and college campuses. With the move to
microprocessor-based controllers for DDC, the expense of incorporating BMS functions
into the controller is so small that a BMS is a excellent investment for commercial
buildings of all kinds and sizes.
Some other benefits of BMSs will be expressed as follows: [12]
A. MONITORING: Consistent checking of the plant, and capacity to review the observed
information at a later time. This has permits designers and experts to accomplish a superior
comprehension of their buildings and plant and has frequently This has permits designers
and experts to accomplish a superior comprehension of their buildings and plant and has
frequently led to plant
B. COMMUNICATION: Developments on private computers and internet technology led
BMS to communicate from everywhere. By web server function building administrators
can achieve to site from anywhere in the world.
C. MANPOWER SAVINGS & MAINTENANCE: The local boilerman, caretaker or plant
operator can often be replaced by communicating BMS outstation, or one operator can
cover more buildings. Exclusively maintenance contractors and energy management
bureaus offer to run clients’ buildings and plant for them using outstations communicating
regularly with the central station at the organization’s headquarters.
D. COMMISSIONING: BMSs are becoming used in aiding the commissioning of plant in
newly constructed buildings. This is pretty used in large air conditioned office blocks with
numerous small outstations on the air conditioning units around the building.
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Some problems with BMSs will be expressed as follows:
1. Associated with computers.
2. Large user manuals to explain many functions and operations that they can
perform.
User guides are also not user friendly.
3. Training courses are expensive.
4. Software has constantly new versions to adapt.
5. The manipulation of energy data for monitoring and targeting the buildings is as
well a problem. A survey in 1990[13, 12] of 50 energy managers showed that 82%
had BMS however only 2% could use them for targeting.
6. Clearly, BMSs are not being used to their full potential.
7. Discordant devices and protocols from different manufacturers and problems to
communicate the devices.
2.3 Background
The BMS origination created in the mid 1950s and has subsequent to changed significantly
both in purpose and system configuration. System communications changed from
hardwired (and homerun piping for pneumatic centralization) to multiplexed (shared
wiring) to today’s two-wire all digital system. The Energy Management System (EMS) and
BMCS changed from survey reaction protocols with central control processors to share
peer-to-peer protocols with distributed control.
2.4 Energy Management
Regarding to energy saving, energy management is the process of monitoring, controlling,
and saving energy in a building or organization.
In most mid-sized to large buildings, energy management is a vital part of the BMCS, with
improved control performed at the system level and with management data and user access
provided by the BMS host.
Equipment is operated at a lowest cost and temperatures are controlled for maximum
efficiency within user defined comfort limitations by a network of controllers. Energy
policy are global and network communications are essential. Load leveling and request
13

control along with starting and loading of central plant based upon the demands of air
handling systems require constant global system coordination [14].
Energy Management BMS host functions include the followings:
1. Efficiency monitoring and history recording.
2. Energy usage monitoring and history recording.
3. Energy summaries.
a. Energy usage by source and by time period.
b. On-times, temperatures, efficiencies by system, building, space.
4. Curve plots of trends.
5. Authority to energy management strategies for constant tuning and adapting to changing
needs.
a. Occupancy schedules.
b. Comfort limit temperatures.
c. Parametric adjustments (e.g., integral gain) of DDC loops.
d. Setpoint adjustments.
i. Duct static pressures.
ii. Economizer changeover values.
iii. Water temperatures and schedules.
6. Modifying and adding up DDC programs Energy Management for buildings preceded
DDC by about ten years. These pre-DDC systems were usually a digital architecture
containing of a central computer which contained the monitoring and control strategies and
remote Data Gathering Panels (DGPs) which interfaced with local pneumatic, electric, and
electronic control systems. The central computer issued optimized start/stop commands and
adjusted local loop temperature controllers.
2.5 Facilities Management Systems
Facilities management, introduced in the late 1980s, extended the scope of central control
to take in the management of a total facility. In an automotive manufacturing plant, for
example, production arrangement and monitoring can be included with normal BMS
environmental control and monitoring. The manufacture and BMS staffs can have separate
distributed systems for control of inputs and outputs, but the systems are able to exchange
information to generate management reports. For example, a per-car cost allocation for
heating, ventilating, and air conditioning overhead might be needed management
information for final pricing of the product.
14

Facilities management system configuration must work with two levels of procedure: dayto-day procedure and long-range management and planning. Day-to-day operations want a
real-time system for constant monitoring and control of the environment and facility. The
management and planning level want statistics and reports that show long-range trends and
improvement in opposition to operational goals. Therefore, the primary objective of the
management and planning level is to gather historical data, development it, and present the
data in a usable format. The development of two-wire transmission systems, PCs for
integrated functions, and distributed processors including DDC led to a need to describe
system configurations.
These configurations become based on the needs of the building and the requirements of
the management and operating employees.
1. System functions general.
2. Zone-level controller functions.
3. System-level controller functions.
4. Operations-level functions general.
a. Hardware.
b. Software.
i. Standard Software.
ii. Communications Software.
iii. Server.
iv. Security.
v. Alarm Processing.
vi. Reports.
vii. System Text.
viii. System Graphics.
ix. Controller Support.
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Chapter 3
3.0 BASIS OF AUTOMATIC CONTROL - THEORETICAL STUDY
3.1 Introduction
If a variable condition must be controlled always automatic controls are used. In HVAC
systems, most usually controlled conditions are pressure, humidity, temperature and rate of
flow. Uses of automatic control systems variety from simple domestic temperature
regulation to precision control of industrial processes [15].

3.2 Control Modes
Different control modes of controls system are used to achieve their purposes. Control
modes in commercial applications include step, two-position and floating control;
proportional, proportional-integral, and proportional – integral - derivative control; and
adaptive control. [15]
3.2.1 Step Control
In order to enable or disable multiple outputs, or stages, step controllers operate switches or
relays of two-position equipment such as electric heaters or reciprocating refrigeration
compressors. Step control uses an analog signal to try to take an analog output from
equipment that is typically either on or off Figure 1.0 show that the stages may be
organized to function with or without overlap of the working (on/off) differentials. In either
case, the typical two-position differentials still exist but the total output is proportioned.
[15]
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Figure 1 Electric heat stages [15]

3.2.2 Two-Position Control
Mode of two-position control, in the last control element occupies one of two potential
positions except for the brief period when it is transition from one position to the other. In
simple HVAC system are used two position control mode to start and stop electric motors
on, fan coil units, unit heaters and refrigeration machines, to open water sprays for
humidification, and to energize and de-energize electric strip heaters. Basic two-position
control mode works well for many applications. For close temperature control, but, the
cycling must be accelerated or timed. [15]
3.2.3 Floating Control
Variation of two-position control is a floating control and often called three position
control. Floating control is not a usual control mode, but is present in most microprocessor
based control systems. Floating control requires a slow-moving actuator and a quick
responding sensor selected according to the rate of reaction in the controlled system. If the
actuator must move too slowly, the controlled system would not be able to keep rate with
sudden changes; if the actuator should move too quickly, two position control would result.
[15]
3.2.4 Proportional Control
Proportional control range the output capacity of the equipment (e.g., the percent a valve is
open or closed) to coordinate the heating or cooling capacity on the building, unlike twoposition control in which the mechanical equipment is either full on or full off. In this
mode, proportional control reach the desired heat replacement or displacement rate.
17

In proportional control, the last control component moves to a point proportional to the
deviation of the value of the controlled variable by the setpoint. Position of the last control
component is a linear function of the value of the controlled variable. In proportional
control systems, the setpoint is normally the middle of the throttling range, so there is
commonly an offset between control point and setpoint. The throttling range is the amount
of change in the controlled variable required for the controller to move the controlled
device through its full operating range. For some controllers, throttling range is mentioned
to as “proportional band”. Proportional band is throttling range said as a percentage of the
controller sensor span: [15]

Proportional Band =

Throttling Range
𝑥100
Sensor Span

“Gain” is a term usually used in industrial control systems for the change in the controlled
variable. Gain is the reciprocal of proportional band:
100
Gain =
Proportional Band
3.2.5 Proportional-Integral (PI) Control
Reset of the control point in the proportional-integral (PI) control mode is automatic. PI
control, also called “proportional plus - reset”, this control mode virtually eliminates offset
and makes the proportional band nearly invisible. As soon as the controlled variable move
above or below the setpoint and offset develops, the proportional band gradually and
automatically moves, and the variable is brought back to the setpoint. The major difference
between proportional and PI (proportional integral) control is that proportional control is
limited to a single final control element position for every value of the controlled variable.
PI control changes the final control element position to accommodate load changes when
keeping the control point at or very near the setpoint. [15]
3.2.6 Proportional-Integral-Derivative (PID) Control
Proportional-integral-derivative (PID) control supplement the derivative function to PI
control. To the rate of change the derivative function faces any change and is proportional
with that. The faster the control point changes, the extra corrective action the derivative
function offers.
If the control point moves away from the setpoint, the derivative function outputs a
corrective action to receive the control point back faster than through integral action alone.
18

If the control point moves to the setpoint, the derivative function reduces the corrective
action to slow down the approach to setpoint, which reduces the risk of overshoot. [15]
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Chapter 4

4.0 HVAC CONTROL PRINCIPLES FOR ENERGY CONSERVATION
After the overall needs of a building have been recognized, building and system subdivision
has been made, the mechanical system and its control approach can be considered.
Designing systems that conserve energy requires knowledge of the building, its operating
schedule, the systems to be installed, and ASHRAE Standard 90.1.(A set of requirements
for the energy efficient design of commercial buildings). Care must be taken while
following energy conservation strategies. HVAC systems are non-linear and characteristics
changes on a seasonal basis so implemented strategies might cause to consume more
energy in the following season. Because of that all implemented strategies shall be checked
for seasonal changes. Main HVAC control principles or approaches that conserve energy
are as follows:
4.1 Supplying Heating and Cooling From the Most Efficient Source
Free or low-cost energy sources such as solar and geothermal energy should be used first,
and then higher cost sources as necessary. If electric prices are time-scheduled, high
demand loads should be used in the cheapest time-schedule. [17]
4.1.1 Running Equipment Only When Needed
HVAC unit operation shall be scheduled for occupied periods. Morning warm-up can be
started as late as possible to achieve design internal temperature by occupancy time,
considering residual space temperature, outdoor temperature, and equipment capacity
(optimum start control). Under most conditions, equipment can be shut down some time
before the end of occupancy, depending on internal and external load plus space
temperature (optimum stop control). Shutdown time shall be calculated so that space
temperature does not drift out of the nominated comfort zone before the end of occupancy.
Heating shall be started at night only to maintain internal temperature between 10 and 13°C
to prevent freezing. [17]
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4.1.2 Optimum Start
Regarding on measurements of indoor and outdoor temperatures and a recorded multiplier
adjusted by startup data from the earlier day, the optimum start strategy (Figure 2) analyzes
a lead time to turn on heating or cooling equipment at the optimum time to put temperatures
to right level at the time of occupancy. To reach these results the constant volume Air
Handling Unit (AHU) optimum start program delays AHU start as long as possible, while
the Variable Air Volume (VAV) optimum start program frequently runs the VAV AHU at
reduced capacity. Unless required by Indoor Air Quality (IAQ), outdoor air dampers and
ventilation fans would be inactive during preoccupancy warm up periods. For weekend
shutdown periods, the program automatically regulates to provide longer lead times. This
strategy adapts itself to seasonal and building changes.

Figure 2 Optimum start [16]

4.1.3 Optimum Stop
To handle the building load to the end of the occupancy period the optimum stop strategy
(Figure 3) uses stored energy. Based on the zone temperatures that have the maximum
heating and maximum cooling loads and the measured heating and cooling move rates, the
program adjusts equipment stop time to allow deposited energy to maintain the comfort
level to the finale of the occupancy period. This program adapts itself to changing
conditions. [17]
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Figure 3 Optimum stop [16]

4.1.4 Night Cycle
The night cycle strategy (Figure 4) maintains a low temperature limit in the heating season
during unoccupied periods by circulating the air treatment unit while the outdoor air
damper is closed. Digital control systems often shrink fan capacity of VAV AHU systems
to complete this and reduce energy usage. [17]

Figure 4 Night cycle [16]
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4.1.5 Sequencing Heating And Cooling
Heating and cooling should not be supplied simultaneously. Central fan systems should use
cool outdoor air in sequence between heating and cooling. Zoning and system selection
should eliminate, or at least minimize, simultaneous heating and cooling. Also,
humidification and dehumidification should not take place concurrently.
4.1.6 Zero Energy Band
The zero energy band (Figure 5) strategy provides a dead band where neither heating nor
cooling energy is used. This limits energy use by tolerating the space temperature to float in
the middle of minimum and maximum values. It also controls the mixed-air dampers to use
available outdoor air if convenient for cooling. On multi-zone fan systems with
simultaneous heating and cooling load capability, area load reset controls the hot and cold
deck temperature setpoints. [17]

Figure 5 Zero energy band [16]

4.1.7 Fan Control
This strategy works on the assumption that the supply fan of a space need not operate if the
cooling and heating coil valves are closed throughout unoccupied times. And to be able to
benefit from this strategy the dead band shall not be less then 2°C. This control strategy can
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therefore only be used during unoccupied space times. This control has a plan for both
cooling and heating sides. (Figure 6) As an example; for the cooling side, the fan is
switched on while the cooling valve opens at 24.5°C. The fan will then stay on up to the
temperature drops 1°C under the opening temperature before it switches off. For the heating
system side the fan will switch on at 18°C. It will then switch off 1°C beyond the valve
opening temperature. The supply fans must run at all times if the room is occupied. The
return fans will function in tandem with their correlating supply fans. [17]

Figure 6 Fan control strategy for unoccupied space times [17]

Fans can be turned off during the night and early mornings. This corresponds to the time
after the building is not in use, and therefore does not need any air-conditioning. The
operating times should differ for each zone, according to the times of use. The return air
(RA) fans, which work in tandem with their adequate supply air fans, can therefore be
switched off. [17]

4.2 Applying Outdoor Air Control
Outdoor air shall be minimized, no less than mechanically designed air change ratio
recommended by ASHRAE Standard 62 (Ventilation standard which specifies minimum
ventilation rates and IAQ that will be acceptable and minimize potential adverse health
effects.) should be used. In areas where it is cost-effective, enthalpy should be used rather
than dry-bulb temperature to determine whether outdoor or RA is the most energy-efficient
air source for the cooling mode.
For heating plant, setpoint shifting should be implemented due to outdoor air temperature.
This strategy is called outdoor air compensation. [17]
4.2.1 Outdoor Air Dry Bulb Temperature Control
For cooling anytime are used Outdoor air the OA temperature is below the setpoint. For
successful process, local weather data analysis needed to define the optimum changeover
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setpoint. The analysis need only consider data when the OA is in the middle or
approximately of 16°C and 25.5°C, and during the occupancy period. The dry bulb
economizer decision is top on small systems (where the price of a good humidity sensor
cannot be justified), where maintenance cannot be repose upon, or where there are not often
wide variations in OA RH during the decision window (when the OA is between
approximately 16°C and 25.5°C).
The minimum set for outdoor air damper shall not be considered if the space is not
occupied. So this strategy can be divided into two portions, an occupied and an unoccupied
strategy. Infrared motion detectors should be located in the space which will be responsible
for selecting the adequate strategy. The occupied strategy will be active for 15 min after
movement was detected by any of the sensors in the space. This implies that the timer will
reset itself if new movement is detected over this period and the 15-min countdown should
start all over again. The unoccupied strategy shall therefore only be activated when all the
sensors in the space are passive for a period of 15 min. For this option all the relevant
motion detectors of the space which RA to the same set of dampers must be passive for 15
min to activate the unoccupied economizer control strategy.
4.2.2 Occupied strategy
If the RA temperature is higher than the outdoor air temperature the following strategy will
be followed as an example: If the RA temperature exceeds 22°C the fresh air damper will
open proportionally from its minimum setting (40% fresh air of total supply) until
completely open at 23°C.For the same conditions the RA damper will start to close
proportionally from its maximum setting (60% RA) to fully closed. (Figure 7.)
If no cooling is required the fresh air damper will be at its minimum setting (40% fresh air)
and the RA damper at its maximum (60% RA).If the outdoor air temperature exceeds the
RA temperature the fresh air damper will close to its minimum setting (40% fresh air) and
the RA to its maximum, 60% RA. [17]
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Figure 7 Occupied economizer control strategy [17]

4.2.3 Outdoor Air Enthalpy Control
The enthalpy control (Figure 8.) chooses the air source that requires the least total heat
(enthalpy) removal to achieve the design cooling temperature. The selected air source is
both the RA with a selectable minimum amount of outdoor air or a mixture of outdoor and
RA as determined by local control from discharge-air or space temperature measurement.
Measurements of RA enthalpy and RA dry bulb are compared to outdoor air conditions and
36 used as criteria for the air source choice. A variation of this, although not recommended,
is comparing the OA enthalpy to a constant (such as 63.96 kJ per kilogram of dry air) since
the controlled RA enthalpy is rather stable. For successful operation A high quality Relative
Humidity (RH) sensor with at least 3% accuracy should be selected. An estimate of the
typical RA enthalpy is needed to
determine the optimum changeover setpoint. A high dry-bulb limit setpoint should be
included to avoid the enthalpy decision from bringing in air too warm for the chilled water
coil to cool own.
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Outside Air based upon an Outside Air enthalpy calculation setpoint, except the system
shall be locked out of the economizer mode anytime the OA dry bulb (DB) is higher than
27.5°C. Strategy shall also be provided to allow the user to switch, with an appropriate
commendable setpoint, the choice to be based upon OA dry bulb or to lock the system into
or out of the economizer mode. Outdoor air is used for cooling (or to supplement the
chilled water system) anytime the OA enthalpy is below the economizer setpoint. OA
enthalpy considers total heat and will take advantage of warm dry low enthalpy OA and
will block out cool moist OA, thus aving more energy than a dry-bulb based economizer
loop.

Figure 8 Enthalpy decision ladder [16]

4.2.4 Night Purge
The night purge control strategy uses cool, night outdoor air to pre-cool the building before
the mechanical cooling is switch on. Digital control systems often shrink fan capacity of
VAV AHU systems during Night Purge to reduce energy usage. Outdoor temperature,
outdoor RH or dew point, and space temperature are analyzed. One hundred percent
outdoor air stays admitted under the following typical conditions:
1. Outdoor air above a summer-winter changeover point, such as 10°C.
2. Outdoor temperature under space temperature by a specified RH or determined
differential.
3. Outdoor air dew point less than 16°C.
4. Space temperature up some minimum for night purge such as 24°C. [17]
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4.2.5 Heating Plant Control with Outdoor Air Compensation
In general the heating plant control strives to keep the boiler water at 75°C throughout the
year. The pump also runs right along the year. This wastes energy, as no heating needs to
be done during the hot summer months of the year. To be able to reduce energy
consumption the following boiler control strategy should be applied:
The boiler setpoint will be a second order function (Figure 9.) of the average outdoor air
temperature of the previous 24 h. [20] The outdoor air temperature will therefore be
supervised and locked at half hour intervals. A new average outdoor air temperature will be
planned for each new half hour by taking earlier 48 locked temperature points. A new
setpoint will then be planned for each half hour of the day by the following function:
setp=0:162t2 - 8:857t + 139:18; where “setp” is the boiler set temperature in °C and t is the
average outdoor air temperature in °C.
To reduce energy consumption of hot water pump, following control strategy should be
applied: The pump will only start running when one of the heating coils requires hot water,
in different opinion, when one of the heating coil’s control valves open. If no heat is
required the pump will shut down. On the way to keep the pump from cycling, a time delay
of 30 min can be incorporated before pump shut down can occur.

Figure 9 Heating plant control [17]
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4.2.6 Setting Back The Setpoint
Setting back the setpoint, allows setpoint drift if the rooms are unoccupied. This control
strategy also requires the installation of motion sensors in the rooms. It operates on the
assumption that a room does not need to be kept on setpoint if it is not in use. If a space is
unoccupied, the control will let both the cooling and heating coil setpoints to drift to hotter
and colder temperatures, correspondingly. (Figure 10.) The zones will then require less
cooling and heating from the HVAC system. For the unoccupied conditions the cooling coil
will be fully open at 26°C and fully closed at 23.5°C. The heating coil will be completely
open at 16.5°C and fully closed at 18°C.

Figure 10 Setpoint setback control strategy [17]

Another application for set point related strategy is to setback setpoint according to the
building operating schedule. Multistage operation technique can be implemented (3
setpoints within a day) time-of-day operating schedule. Following building operation
problem in a AHU should be considered. The 24 h operation of the building is divided into
three stages: normal setback mode (stage 1) between 19:00 and 07:00 h, start-up mode
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(stage 2) between 07:00 and 08:00h and normal mode process during the occupied period
between 08:00 and 19:00 h (stage 3). In stage 3, both thermal comfort and energy
efficiency are of main concern, whereas in stage 1, energy efficiency is the main issue and
in stage 2, fast response and energy efficiency are significant considerations. During a
typical day operation, the AHU system undergoes such a multiphase sequence,
consequently during each stage, some of the local control loops could be turned off or
allowed to function at fixed open loop position. For example, the outdoor air dampers could
be closed in normal hours (stage 1). When defining the performance requirements for all
three stages and appropriately choosing the local control loop jobs (closed, open loop or
closed loop), the optimization problem to be solved is to determine an optimal operating
strategy for the AHU system which meets the entire above requirement. [17]
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Chapter 5
5.0 PROBLEM STATEMENT
The purpose of the present study is to understand HVAC control principles and their
applications, energy savings and then shrink the energy using by the advantage of BMS
within a design case of study. Quite amount of money is invested in to HVAC system but
just a few money invested in its control systems, in Kosovo buildings. In HVAC
automation division, lack of information bring pay back times, high energy consumption
and client dissatisfaction. BMS will support you to pay back in a short period of time and
will bring comfortable environment in your building.
The case study purpose is to providing to the 100 offices and basement parking building
with modern and energy efficient building, also able to host the specific environment
required for a data center. The objective was to equip the building with a Building
Management System offering a single Human Interface for the Room control system,
HVAC, lighting and sunblind’s, with supervision, in a fully automatic mode of operation,
with wireless override control.
Therefore this case study will be realize and simulate by using Distech Controls devices in
Demo Case with the Web-based platform of the NiagaraAX framework.
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Chapter 6
6.0 METHODOLOGY DEVELOPED FOR THE CASE STUDY

Figure 11 Methodology developed for the case study
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To work in this case study we have developed a methodology which has four phases 1Definition 2- Planning 3- Implementation via Simulation. 4- Completion.
In the first phase we had designed a new building to basement parking and one hundred
offices. Also during this phase we showed that HVAC Control system operates with
mechanical equipment (boilers, chillers, pumps, fans etc.) to maintain the right environment
in a cost-effective manner.
In the second phase action plane was defined to generate new start/stop times due to
occupancy profile. Also was focused in AHUs current control scenarios and principle
works.
Implementation via Simulation phase was focused on controls scenarios for saving energy
by using some strategy, like optimum start/stop, night purge, night cycle, etc.
The last phase was to get results of BMS implementation directly from the demo site of
Distech Controls
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Chapter 7

7.0 CASE STUDY
7.1 Building
The project aimed at providing to the 100 offices / building with modern and energy
efficient building, also able to host the specific environment required for a data center. The
objective was to equip the building with a Building Management System offering a single
Human Interface for the Room control system, HVAC, lighting and sunblind’s, with
supervision, in a fully automatic mode of operation, with wireless override control.
Building model that have these characteristics is show in figure.

Figure 12 Building graphic model
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7.2 Building Information and Characteristics
The building is new and designed to have basement parking and one hundred offices, each
floor should have ten offices, conference rooms and kitchen rooms, except first floor which
have nine offices because it considering as main entrance.

Figure 13 Basement floor - Parking
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Figure 14 First floor
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Figure 15 Second floor (others floors are same)

All offices have adjustable motorized sunblind for shading on the office windows. The
building's office windows face in the direction of south-west. Each office is air-conditioned
by its own fan coil unit (FCU). Lighting is done by fluorescent bulbs on/off in the offices as
well as in the stores. Most of the offices are equipped with computers.
Distech Controls provides a unique and scalable solution with fully integrated HVAC and
Lighting control system that optimize energy efficiency and comfort in building, all the
while decreasing operating costs.
To optimize this building we need to know also occupancy profile which will give us an
idea how to programming HVAC control strategies, lighting, sunblind, due to daily, weekly
and annual profiles of the occupancy
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This building can host approximately up to 10,000 people per day especially during the
weekdays. Also for weekends building can host up to 8,000 people per day.
The figure 15 shows occupancy profile schedules for AHUs, which guide us to prepare
control scenarios.

Figure 16 System AHU - 02 schedules

As well inside the building are four AHUs, two chillers, and each office have a VAV. In
figure 16, are shown online information from building after control programming.
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Figure 17 System online information from building

7.3 HVAC System Definition & Function controls
The mechanical equipment (boilers, chillers, pumps, fans etc.) are operates from (HVAC)
Heating, Ventilating, and Air-Conditioning Control System to maintain the comfort
environment in a cost-effective manner. A comfort environment is described via four
variables: temperature, humidity, pressure and ventilation.
Temperature: The comfort zone for temperature is between 20°C and 25°C.
Humidity: The comfort zone for humidity is between 20% RH and 60% RH (Relative
Humidity).
Pressure: The rooms and building typically have a slightly positive pressure to reduce
outside air infiltration. This helps in maintain the building clean.
Ventilation: Rooms typically have several complete air changes per hour. Indoor Air
Quality (IAQ) is an main issue. The supply pattern of the air entering room must keep
people comfortable without feeling any drafts, and this is significant as well
Note: Of course, these values vary between people, regions and countries.
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Three areas inside a building work together to maintain the proper environment. The
HVAC equipment and their controls contain the mechanical room, the Air Handling Units
(AHUs) and the individual room controls. Showing in figures 18.

Figure 18 Mechanical room, Air Handling Units and Room Controls

Mechanical Room: Contain a boiler or a group of boilers, chillers, pumps, heat
exchangers, and other related equipment are found inside the mechanical room, shown in
figure how they are connected. This area is sometimes called the main equipment room.
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Figure 19 Mechanical room (Pumps, Chiller, Boiler, Cooling Tower)

Air Handling Units (AHUs): AHUs may be establish on the roof, in the main equipment
room, or in their own equipment room, which is referred to as the secondary. AHUs may
heat, cool, humidify, dehumidify, ventilate, or filter the air to condition it, then allocate that
air to a section of the building.
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Figure 20 Air Handling Units (AHU) (Fan, Cooling & Heating exchanger, Dampers, Sensors)

Room Controls: Individual room controls regulate the air flowing from the AHU to serve
a room or a part of a larger area called a sector. Devices such as wall thermostats and
Variable Air Volume (VAV) boxes offer local temperature control.
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Figure 21 Variable Air Volume (VAV) (Room Remote Controller, Fan, Damper)

There are also room controls not related with an AHU. These may directly control
mechanical equipment that only provide one room or zone (zone control). On equipment
such as unit ventilators, fan coil units, and heat pumps are installed these room controls .
HVAC system is equipped with BMS which controls the temperature and time scheduled
programmers. Using the software we can handle the HVAC system directly from the
administrator room.
Equipment which are used to create this building controls (HVAC, lighting, sunblind's) are
listed in table below.
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Table 1. BMS equipment list













EC-BOSAX x 3 - Server
EC-BOSAX Security IP-based Controller - Server
EC-gfxProgram Graphical Programming Interface x 1 - Software
ECB-400 Series x 9 - Device
ECx-400 Series x 5 - Device
ECx-400 Series x 16 - Device
ECB-103 x 70 - Device
ECB-400 Series x 30 - Device
EC-Display x 80 - Device
RCL-Light Series x 100 - Device
RCL-Blind Series x 100 - Device

7.4 Energy Consumption Breakdown
To be able to recognize the largest electrical energy consumers, energy consumptions are
categorized into building type in region of Europe. (Figure 21.).

Figure 22 Electrical energy consumption for building type breakdown
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As we see the commercial building have the greatest energy saving potential as it is the
major energy consumer. They consumes approximately 25% of the total energy
consumption. The reason for this is the large load of the HVAC system.
Comparison for electrical consumption for the last year are show in Figure 22.

Figure 23 Electrical consumption comparison for the last year

Based on statistic for breakdown in a building the electrical energy consumption is
separated, approximately 67% of energy consumption in HVAC equipment, 18 % in
lightning, and 15% to other equipments like boiler room consumers, lifts, dishwashers,
computers, etc.

.
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7.5 Action Plan
Since 67% of the total building energy consumption is spent by the HVAC system, energy
saving lies in HVAC system retrofit possibilities. Based on that we need to review on
HVAC control strategies and to redefine the control parameters. Actual control strategies
are analyzed and compared with values generated from the energy reports. In the HVAC
group as the second major energy consumer are AHU's. Chiller are well controlled with
conventionally method and there is no need to develop new control strategy for energy
saving.
To work on this study the major consumer from AHU's are determined. In conventional
HVAC system control strategies are not clearly defined and control parameters are not
synchronized.
Fluctuations from the setpoints are observed during the years and to create energy saving
strategies we should focus on AHU's to minimize the fluctuations of setpoints.

7.6 Sit Study
7.6.1 AHU System Description
Air Handling Units (AHUs) supply conditioned air to a distinct part of a building. AHUs
can supply different sized areas, if it is a part of a room, a zone, or an entire group of
rooms. In the figure below, AHUs diagram is show. This AHU contains a filter, a chilled
water coil, a hot water coil, a mixed air chamber, a fan, and a humidifier. The parts of an
AHU are often referred to as the (water side) and (air side), water side are parts that pass
water through the AHU, and the air side, are devices that direct the air within the AHU.
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Figure 24 Flow diagram of AHU

Mixed Air means to the mixing of outside air with the air returning from inside the
building.
Filters remove dirt particles from the mixed air. It is vital that these filters be replaced
from time to time. A mixed air sensor is normally located after the filter.
Supply Fan moves the air through the air-handling unit and out into the rooms.
Hot Water Coil heats the air as it passes over the coil.
Chilled Water Coil operates during the summer to drop the discharge air temperature to
13°C
A steam Humidifier, or some other form of humidifier, is placed inside an AHU to add
moisture to the air when needed.

47

After the air has gone through the zones, it comes back to the Return Fan, which routes
the return air back to the return air dampers or the exhaust air dampers.
7.6.2 Current Control Scenario
Existing control scenarios is based on basic control principle which is sensors, controller,
source of energy and controlled device.
With other words control where the output is either 0% or 100% is sometimes referred to as
"two-position control" or .ON / OFF control.
In this case controller can switch on and off fans, from which start all controls scenarios.
When the fans are off the OA and EA dampers are close otherwise are open, and RA
damper is close. Also heating and cooling valves are completely closed when fans are off.
To be able to get desired results which are set inside the room from controllers, there are
different sensor which provide temperature measurements value for controller to take
actions. P and PI controller are used to control valves.
Programming and control logic is made on software with method of FBD ( Function Block
Diagram) shows in figure below.

Figure 25 Function Block Diagram
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7.6.3 Distech Controls - Architecture System for BMS
Before implement control strategy we should understand architecture of system, which is
show in figure below. First each building should have connection on internet and a
supervisor software which is able to communicate with other device via protocol like
Ethernet, TCP/IP BACnet, LonWorks etc. Servers also are connected via protocol and via
bus connection to device. Each device will be able to control at least one equipment in
building or series of them. Also some control devices can communicate directly to other
room device with wireless technology.
EC-NetAX is a comprehensive Web-based platform powered by NiagaraAX Framework.
Its open structure creates a common development and management environment for the
integration of all applications.
More than a building management system, EC-NetAX provides all the tools you need to
achieve intelligence into your buildings’ performance and is accessible from any standard
Web browser or a simple workstation (network control, monitoring, alarming, database and
log management, etc.). From the central monitoring room, building management will be
completely done via EC-NetAX platform.

Figure 26 Typical Architecture System
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7.6.4 Implemented Control Strategies
To be able to achieve desire results we need to implement AHU control and strategies that
helps equipment to have a smoothly working hours and to save energy based on occupancy
schedule.
Regarding to the setpoint value which is the proper level of temperature to maintain the
luxury level the strategy of optimum start-stop will help us to have a lead time to turn on or
off heating or cooling equipments which makes to have a sustainability smooth work and in
the same time to store energy. This program adapts itself to changing conditions.
By using the low temperatures during the night we can control cooling of space. This
utilization of cooling space, operator can control by using strategy of FOC (Free outside
cooling) directly from software. This strategy allow us to use less cooling energy, than
required without FOC strategy , because object (space) are pre-cooled in this way and
energy is stored.
During the heating season we used Night Cycle strategy from which we triggers only in
unoccupied periods if the temperature is less than 17 °C after midnight. Night Cycle
strategy activates and heating start - stops from time to time till the optimum start time.
This strategy also will help us to store energy because AHUs works only time to time, not
during all night and for this reason less heating energy required to heat the space.
Also during cooling season Night Purge strategy use night outdoor air to pre-cool the
building earlier than the mechanical cooling is turned on.
Therefore to realize a better control strategy and to reduce energy use and to maintain
comfort environment is not important only to have these strategies above but also is
important to have precious regulator for parameters. This will help us to have efficiency in
implemented control strategy
These regulator can be operated manually, automatically with auto-tuners which have a
special characteristic to be switch on and off by an machinist, or automatically with
adaptive controllers which are self-tuning.

50

Currently, most building which are commercial and institutional are equipped with PID
(proportional integral derivative) controllers to maintain variables, such as temperature and
pressure, at predefined setpoints which by hand tuned or with auto-tuners. In these cases,
communications between the different control loops of the system can happen. This
conclusion in one loop being tuned to the detriment of another.
The regular tuning of controllers improves the performance of all controls and is especially
important for digital control.
Humidity control is complete via a PI block which is used only to sustain the humidity in
maximum limit.
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Chapter 8

8.0 COMPARISON & RESULTS
This case study is created by using Distech Control solution which provided a HVAC
control system, fully integrated together thanks to Distech Control web based supervision
system providing network commissioning, remote device programming and supervision.
Thanks to natural ability of EC-BOS server to data exchange between devices using
different communication protocols, has created optimal management of all building
systems responsible for comfort and energy consumption. Individual, dependent on
occupancy & CO2: variable air volume controlled, chilled beams, lighting and sunblind's.
This was very helpful determining where to focus our retrofit study. Results of energy
consumptions and savings are show in figure below. Overall daily consumptions of
electricity without any strategy is ~ 5085 kWh.
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Figure 27 Results of energy consumptions and savings

Result shows that energy savings achieved by the retrofit studies are approximately 30 %
during this season.
Current results should not be a truthful measure of implemented HVAC control strategies.
This case study is done without making any investment to the building, just by using the
EC-NetAX Demo from Distech Controls Inc. Furthermore you can refer this link below to
be able to see the real simulation on the building. http://www.distechcontrols.com/en/eu/demo/ .
For the simulation during presentation we will use Demo Case which is design a
preprogrammed from Distech controls engineers.
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Chapter 9

9.0 CONCLUSION
In the beginning of these thesis we are focused to explain about the BMS concept benefits,
advantages and disadvantages, where we understand the basic of BMS. In this way
following to understand the basic automatic control theory, HVAC control principles and
energy efficiency management.
Now we can conclude that controlling energy costs is a major concern for today's building
owners. Base on statistics, HVAC is the largest electrical energy consumption but is also
one of the most cost-effective options to advance the energy efficiency of a building.
However, HVAC procedures are nonlinear, and features change on a seasonal basis so the
effect of changing the control strategy is usually difficult to predict.
To increase the productivity we don't need to have higher investment but just better control
system.
Regarding to this fact, if equipments operations will be scheduled by occupancy profile and
designed a better control system we can conclude that the saving of energy is by running
equipment only when needed.
Therefore by considering the results without control strategy we have seen that 30% of
electrical energy consumption is stored by implemented controls strategy on HVAC
system.
This is not only, with better control strategy for BMS we can provide peace of mind and
comfort environment for occupants in building.
With implementation of BMS in building will provide the information and tools that
building managers need both to have to control and improve the energy usage in their
buildings, to operate and maintenance system.
Based on this study we can conclude say that important of BMS and HVAC system are
understood quite well. Also we can say that for the near future BMS will be part of modern
building in Kosovo.
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